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Abstract

The Upper Victoria Nile (UVN) flows from Lake Victoria into Lake Kyoga, spanning

117 km and supports a diverse aquatic fauna that sustains livelihoods of riverside

communities. The UVN is habitat to critically endangered (Labeo victorianus), near

threatened (Oreochromis variabilis and Oreochromis esculentus), and rare species (Neo-

chromis simotes). Four hydropower dams were built on the UVN to provide energy

for industrial and socioeconomic development, notwithstanding consequential envi-

ronmental and socioeconomic impacts. The impacts of Bujagali hydropower (BHP)

dam on fisheries and livelihoods were assessed biannually (April and September) from

2006 to 2019, using fishing effort, species abundance, catch composition, and eco-

nomic beach revenue at upstream, mid-reservoir, and downstream transects. The

fishing boats increased from 31 in 2009 to 293 in 2019 and fishers from 83 to

500 over the monitoring period. Maximum annual catch of 461.4 t was recorded in

2014 and lowest of 54.2 t in 2009. In all transects, Protopterus aethiopicus and Labeo

victorianus were least in the commercial catches and the use of Mormyrus kannume

juveniles as bait for Nile perch fishery corresponded with increased catches from 3.3 t

in 2009 to 148.2 t in 2019. Women were mostly engaged in post-harvest activities

such as fish drying, smoking, and food vending. These observations suggest coupling

effects of the hydropower dam and ineffective fisheries management. The harvest of

M. kannume wild stocks for bait should be banned and research in possible domesti-

cation of the species undertaken. There is a need to strengthen fisheries enforcement

to curb illegal effort and overexploitation and to implement conservation actions to

mitigate potential biodiversity impacts from the hydropower dam operations.
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1 | INTRODUCTION

Rivers are among the world's most important ecosystems sustaining

biodiversity and providing countless services including some of the

largest fisheries globally (Thieme et al., 2021). However, other

socioeconomic uses of rivers often underestimate the basis for sus-

taining the diverse ecosystem service that rivers provide. For example,

fish populations are highly dependent upon the characteristics of their

aquatic habitat, which supports all their biological functions

(Hoeinghaus et al., 2009).
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Habitat characteristics that ultimately influence fisheries sustain-

ability range from river flow to rocky and soft bottom conditions and

water quality. Studies in the Amazon, Mekong, and Congo River

basins have shown that hydropower development represents a major

threat to fish biodiversity and the maintenance of critically important

fisheries worldwide (Vörösmarty et al., 2010; Winemiller et al., 2016),

with potential to damage food security and rural livelihoods in tropical

regions (Pringle, Freeman, & Freeman, 2000; Ziv, Baran, Nam, Rodrí-

guez-Iturbe, & Levin, 2012). The threats to the rivers' ecosystem ser-

vices could be attributed to changes in habitat characteristics.

Negative impacts of hydropower dams can also be manifested in

observable changes in functional traits of the fishes such as fish body

size, reproduction, food preferences, habitat use, and metabolism

(Arantes, Fitzgerald, Hoeinghaus, & Winemiller, 2019).

Hydroelectric dams also impact the spatiotemporal patterns of fish

community structure and fisheries production by obstructing migration

routes, altering sediment transport and water quality, promoting inva-

sions by alien species and biotic homogenization, and favoring generalist

over specialist species (Araújo et al., 2013; Barthem, de Brito Ribeiro, &

Petrere, 1991; Forsberg et al., 2017). These effects stem from having the

entire life cycle of the potamodromous species occurring within fresh

waters of a river system (Northcote, 1998). Fish reproduction and feed-

ing zones may be separated by distances that may vary from a few

meters to hundreds of kilometers. Moreover, large-scale hydroelectric

projects are also associated with road construction, deforestation and

urban development, and sewage disposal in surrounding regions (da Silva

Junior, dos Santos, Szlafsztein, Gomez, & Pereira, 2018; Stickler

et al., 2013), which may act synergistically with altered flow regimes to

impact aquatic ecosystem health and therefore biodiversity and produc-

tion. Dams cause significant direct loss of fish in turbines or spillways

during migration but also lead to habitat loss, discharge modifications,

water quality and temperature changes, and increased predation pres-

sure; (Jellyman & Harding, 2012; Marmulla, 2001; Rytwinski et al., 2017).

In Africa, the negative ecological effects of dams have been

reported on rivers Zambezi (Arthur et al., 2017), Tana in Kenya

(Hughes, 1984), Aswa in Egypt (White, 1988), and Senegal in West

Africa (Adams, 1985; Hughes, 1984). Despite the negative impacts of

dam construction, socio economic benefits such as industrial growth,

urbanization, and employment arising from supply of hydro-energy have

accrued to the communities in the East African region (R J Burnside

International Limited, 2006; The World Bank, 2018). For example, the

117-km-long Upper Victoria Nile (UVN) in Uganda has witnessed some

sites being developed for hydropower generation. However, this part of

the River Nile that flows northwards from Lake Victoria through Lake

Kyoga northwards to Lake Albert and ultimately to the Mediterranean

sea is known for harboring endemic species as well as supporting the

livelihoods of riparian communities with several exploited endemic and

alien species including Lates niloticus, Oreochromis niloticus, Rastrineobola

argentea, Labeo barbus altianalis, Labeo victorianus, and Mormyrus kan-

nume (Bassa et al., 2020; Nelson et al., 2013; Witte et al., 1992). Some

studies have observed that the UVN is the faunal refugia to critically

endangered fish species such as L. victorianus (Chapman, Chapman,

Kaufman, Witte, & Balirwa, 2008; NaFIRRI, 2017) and is habitat to a rare

haplochromine species, Neochromis simotes (Chapman et al., 1996;

Greenwood, 1976; Ogutu-Ohwayo, 1988; Wilmsen & Van

Hulten, 2017; Witte et al., 1992; Witte et al., 2008). Besides providing

fisheries resources, the UVN is a major source of water for domestic

industrial use, irrigation and electricity generation (NAPE, 2007).

In order to augment available electricity in Uganda, the 250 MW

Bujagali hydropower dam was commissioned in 2012. In view of the

reported impacts of hydropower dams, we undertook biannual eco-

logical monitoring of the UVN upstream and downstream of the Buja-

gali hydropower dam from 2009 up to 2019 with the main objective

of understanding the likely ecological and socioeconomic impacts of

the dam activities on the fisheries and livelihoods in the affected area.

2 | MATERIALS AND METHODS

2.1 | Description of study area

Bujagali hydropower dam is located downstream of two previously (1954

and 2003) constructed dams (Figure 1). The Bujagali dam construction

started in 2007 and was commissioned in 2012. The Bujagali dam (reser-

voir) is approximately 388 ha in surface area comprising of the then

308 ha surface area of the Victoria Nile, and 80 ha of newly inundated

land that is comparatively small as the reservoir water is contained within

the steeply incised banks of the river. The reservoir has a maximum depth

of 30 m with a mean depth of 9.3 m. This hydropower dam has a resi-

dence time of 16 hr and the reservoir's daily fluctuation of between

2 and 2.5 m. The project site is in a zone characterized by a long-wet sea-

son (February–May), a short-dry season (June–July), a short-wet season

(August–October), and a long-dry season (November–January).

2.2 | Sampling design

Three transects that is, one upstream (Kalange-Makwanzi), a second

in the middle of the reservoir (mid-reservoir), and the third about

three kilometers downstream (Buyala-Kikubamutwe) were established

as bases for sampling fish populations and livelihoods along the UVN

(Figure 1). The mid-reservoir transect was created after dam construc-

tion, hence there are no records for catch, revenue, and fishing effort

at the mid-reservoir between 2009 and 2011. A longitudinal sampling

design (Farrington, 1991) was employed in the study, whereby data

were collected biannually (April and September every year) at the

three transects between 2006 and 2019.

2.3 | Data collection methods

2.3.1 | Catch and fishing effort data

These data were generated through Catch Assessment Surveys (CASs)

and Frame Surveys (FSs) respectively, following Standard Operating

Procedures for conducting CASs (LVFO, 2005) and FSs (LVFO, 2014).
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Frame Survey, the complete count of all fishing effort variables

(i.e., number of fishing crafts by type, number of fishing gears by type

and size, and number of fishers) at landing site, was implemented once

at all study transects during each monitoring period. At each transect,

information on fishing effort variables in every fishing boat was

obtained from fishers and/or boat owners.

CASs involve the measurement and recording of fish catch variables

such as quantity (weight) and value (price) of catch landed in each sam-

pled boat by species, the type, number, and size of fishing gear used to

catch the fish, the fishing duration per night, and the active fishing days

per week. At each study transect, catch from all fishing boats that went

fishing on the sampling day was recorded. Data were collected for two

consecutive days at each transect, to reduce biases in catch estimation

arising from nonfishing days due to bad weather and other social factors.

For each boat sampled, the catch landed was sorted and identified to

species level, the total weight (kg) of each species measured, and price

per kilogram of each species was recorded in Uganda shillings and con-

verted to United States dollars using the prevailing exchange rates

(1 US$ = 3,672 UGX) (https://www.bou.or.ug/bou/bouwebsite/

ExchangeRates). Data generated through CASs were used to calculate

the catch per unit effort (CPUE), total catch (C), mean price per kilogram

of each landed species, and total economic value of catch at beach level.

2.3.2 | Community livelihoods data

Data on community livelihoods such as number of people

employed by the different fishery jobs, by gender category was

generated through Focused Group Discussions and Key Infor-

mant Interviews (Mishra, 2016), using structured questionnaires.

2.4 | Data analysis

Data analysis was performed in R.4.0.2 (R Core Team, 2021). The

Shapiro–Wilk test was performed to ascertain whether data were

normally distributed. Then Kruskal–Wallis (one-way ANOVA) was

undertaken on ranks to determine whether there were significant

differences in the median catches among the fish species. We used

Wilcoxon test to determine whether there were significant differ-

ences in the unit prices over the sampled months during the study

period. To examine the relationship between price over time using

Spearman rank correlation coefficient, we converted the years into

dummy variables in ascending order from 2019 (1) to 2019 (13).

Similarly, we used the Spearman rank correlation coefficient to

examine the relationship between annual catch and beach value

over time.

Species presence was denoted by a score of 1 if it was recorded

once during each study year and by 2 if its presence was noted twice

in each year, while species total absence in a year was designated by

0. The total catch for each fish species landed at each transect was

calculated by multiplying the average CPUE by the number of fishing

boats by the total number of active fishing days in the sampled month.

The corresponding revenue of catch for every species recorded at

each transect was determined by multiplying its total monthly weight

by the average unit price.

F IGURE 1 Map of the study
area showing the sampled
transects and constructed dams
along the Upper Victoria Nile
section of River Nile (inset is the
location map of Bujagali in
Uganda) [Color figure can be
viewed at wileyonlinelibrary.com]
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3 | RESULTS

3.1 | Fishing effort indicators

Three major fishing effort indicators were identified at all transects

during the study period, they included: fishing boats, fishers, and fish-

ing gears (gillnets, longline hooks, handline hooks, small seines, cast

nets, and basket traps). Overall, the majority of fishing effort indica-

tors (boats, fishers, longline hooks, and basket traps) substantially

increased over the study period, with peaks observed between 2012

and 2019 (Figure 2). For example, the number of fishing boats

increased from 100 in the year 2009 to 293 in 2019, and the number

of fishers increased tenfold from 50 to >500 over the same period.

Longline hooks were the most dominant fishing gear at the study area

(Figure 2). The highest number of gillnets were recorded in 2014 at

both upstream and downstream transects, and thereafter gradually

decreased. From 2014 to 2019, the highest number of scoop nets per

boat was registered at the mid-reservoir ranging from 1 to 15. The

absence of fishing effort records at the mid-reservoir between 2009

and 2011 (S1) is because it was not in existence until after completion

of dam construction in 2012.

3.2 | Catch species composition

Fifteen fish species (Table 1, Plate 1) were recorded in the commercial

catch from all transects for the entire study period, of which six spe-

cies (Lates niloticus, O. niloticus, B. docmak, O. variabilis, M. kannume,

and Labeobarbus altianalis) featured throughout the study period. Over

the entire study period, the number of fish species recorded at each

site (species richness) was highest at upstream (42.63%), followed by

downstream (33.8%), and the least was at the mid-reservoir (23.6%).

Rastrineobola argentea, also commonly known as mukene in Uganda,

dagaa in Tanzania, and omena in Kenya was prominent at the reser-

voir in the later years.

3.3 | Annual catch and beach revenue for the
selected commercial fish species

The annual catch and revenue of catch at beach level were deter-

mined for seven selected commercial fish species (Figure 3), which

contributed >1% to the total landings. Annual catch and revenue of

fish species varied over sampled years, with two major peaks recorded

in 2014 and 2019. The catch and beach revenue were dominated by

Mormyrus kannume during the two major peaks while the least com-

mon was Oreochromis variabilis (Figure 3). The median catch was sig-

nificantly different among the selected fish species (Kruskal–Wallis

chi-squared χ2 = 109.77, df = 6, p-value <.001) over the study period.

Multiple comparisons with post hoc Dunn test between the species

indicated the median catches were significantly different except

between M. kannume and Lates niloticus (p = .4663), Labeobarbus altia-

nalis and O. variabilis (p = .1663), and L. altianalis and C. gariepinus

(p = .0485).

3.4 | Prices of fish species (mean price per unit
weight)

The different fish species fetched various price per unit weight (kilo-

gram) (Figure 4), with prices generally increasing over time. However,

there was no significant difference in the unit price per kilogram of

fish species between April and September (W = 1721.5, DF = 1, p-

value = .2559). Also, there was a significant positive correlation

between the average unit price and sampling season over years

(Figure 4). However, there was no significant correlation between the

F IGURE 2 Changes in fishing effort indicators (fishers, boats, and fishing gears) at the study transects on UVN for the period 2009–2019
[Color figure can be viewed at wileyonlinelibrary.com]

4 NDUWAYESU ET AL.

http://wileyonlinelibrary.com


T
A
B
L
E
1

F
is
h
sp
ec
ie
s
re
co

ve
re
d
in

co
m
m
er
ci
al
ca
tc
he

s
at

th
e
th
re
e
st
ud

y
tr
an

se
ct
s
be

fo
re
,d

ur
in
g,
an

d
af
te
r
B
uj
ag
al
iH

yd
ro
po

w
er

da
m

co
ns
tr
uc

ti
o
n
(U
S
=

U
p
st
re
am

,R
S
=

R
es
er
vo

ir
,a
n
d

D
S
=

D
o
w
ns
tr
ea

m
)

Fi
sh

sp
ec

ie
s

T
ra
ns
ec

t

M
o
ni
to
ri
ng

pe
ri
o
d

P
re
-

D
am

co
ns
tr
uc

ti
o
n

P
o
st
-d
am

co
n
st
ru
ct
io
n

2
0
0
6

2
0
0
7

2
0
0
8

2
0
0
9

2
0
1
0

2
0
1
1

2
0
1
2

2
0
1
3

2
0
1
4

2
0
1
5

2
0
1
6

2
0
1
7

2
0
1
8

2
0
1
9

B
ag
ru
s
do

cm
ak

U
S

2
2

2
2

2
2

2
2

2
2

2
2

2
2

R
S

N
A

N
A

N
A

N
A

N
A

N
A

2
2

2
2

2
2

2
2

D
S

2
2

2
2

2
2

2
2

1
2

2
1

2
2

La
te
s
ni
lo
ti
cu
s

U
S

2
0

0
0

2
2

2
2

2
2

2
2

2
2

R
S

N
A

N
A

N
A

N
A

N
A

N
A

2
2

2
2

2
2

2
2

D
S

2
2

2
2

2
2

2
2

2
2

2
1

1
2

O
re
oc
hr
om

is
ni
lo
ti
cu
s

U
S

2
0

0
2

2
2

1
2

2
2

2
2

1
2

R
S

N
A

N
A

N
A

N
A

N
A

N
A

2
1

2
2

2
2

2
2

D
S

2
2

2
2

1
2

2
2

1
2

0
0

0
1

O
re
oc
hr
om

is
le
uc
os
ti
ct
us

U
S

1
0

0
1

1
0

0
0

2
2

0
0

0
0

R
S

N
A

N
A

N
A

N
A

N
A

N
A

0
0

0
0

0
0

0
0

D
S

1
0

0
0

0
0

0
0

0
0

0
0

0
0

O
re
oc
hr
om

is
va
ri
ab

ili
s

U
S

1
2

2
2

2
2

2
2

1
2

0
1

R
S

N
A

N
A

N
A

N
A

N
A

N
A

2
0

1
1

0
1

0
0

D
S

1
1

2
1

0
0

0
0

0
0

0
0

C
op

to
do

n
zi
lli
i

U
S

2
2

2
2

2
1

2
2

0
2

2
1

2
2

R
S

N
A

N
A

N
A

0
0

0
2

1
0

2
1

0
1

0

D
S

2
2

0
1

2
0

0
2

0
0

1
0

1
1

H
ap

lo
ch

ro
m
in
e
sp
ec
ie
s

U
S

1
1

0
2

2
2

0
1

0
2

2
2

0
2

R
S

N
A

N
A

N
A

N
A

N
A

N
A

0
0

1
-

1
1

0
0

D
S

2
2

2
1

1
2

0
1

2
2

0
1

1
1

C
la
ri
as

ga
ri
ep
in
us

U
S

1
2

2
2

1
1

2
2

2
2

0
0

0
1

R
S

N
A

N
A

N
A

N
A

N
A

N
A

1
0

0
1

1
2

0
0

D
S

1
2

2
2

2
2

0
1

0
1

0
0

0
0

La
be
ob

ar
bu

s
al
ti
an

al
is

U
S

2
2

2
2

2
2

2
2

1
1

0
1

0
0

R
S

N
A

N
A

A
N

N
A

N
A

N
A

2
1

1
0

0
0

1
0

D
S

2
2

2
0

0
0

2
0

1
0

1
1

0
1

R
as
tr
in
eo
bo

la
ar
ge
nt
ea

U
S

1
0

0
0

2
1

1
0

1
0

1
0

0
1

R
S

N
A

N
A

N
A

N
A

N
A

N
A

2
1

1
2

2
1

2
1

D
S

1
2

2
1

1
1

0
0

0
0

0
0

0
0

La
be
o
vi
ct
or
ia
nu

s
U
S

0
0

0
0

0
0

0
0

0
0

0
0

0
0

R
S

N
A

N
A

N
A

N
A

N
A

N
A

0
0

0
0

0
0

0
0

D
S

0
0

0
0

0
0

0
0

0
0

0
0

0
1

(C
o
nt
in
u
es
)

NDUWAYESU ET AL. 5



unit prices for C. gariepinus, B. docmak, and O. variabilis over the years

(Figure 4).

3.5 | Total annual catch and beach revenue of
catch at the three study transects on UVN

Annual catch and revenue increased at the three study transects

between 2009 and 2019 (Figure 5). As observed in the annual species

catch and revenue trends, the major peaks of the total annual catch

and revenue occurred in 2014 and 2019 at the study transects

(Figure 5). In 2014, 950 t worth US $ 1.5 million was recorded while

in 2019, 910 t valued at USS $ 2.5 million was registered for the three

transects. The highest annual catch was recorded at upstream during

2014 and 2019 peaks, followed by the mid-reservoir and the least

were registered at downstream transect (Kruskal–Wallis chi-squared

χ2 = 22.62, DF = 2, p < 0.001). The annual catch and revenue slightly

fluctuated at all the transects between 2009 and 2013, before regis-

tering a sharp increase in 2014. In 2015, the values drastically

declined and fluctuated minimally until 2018 before registering

another sharp increase in 2019 (Figure 5). While the mid-reservoir

transect was only created after dam construction in 2012, it is worth

noting that its creation resulted in drastic increase in catch landings

and beach revenue of catch in 2014.

Annual catch and revenue were strongly correlated across the

three transects on the Upper Victoria Nile, for downstream (R = 0.71,

p < .001), mid-reservoir (R = 0.60, p < .001) and upstream (Figure 5).

The correlation analysis showed a significant positive relationship

between annual catch and revenue (S = 503,840, p-value

<.001, R = 0.71).

3.6 | Jobs related to fisheries involving riverside
communities

The riverside communities along the UVN derived their livelihoods

from four major fisheries related jobs (Figure 6, Plate 2); fishing, fish

marketing, boat construction and fishing gear repairing, and food

vending. Generally, the number of people engaged in fishery-related

jobs increased over the study period, the highest increase was regis-

tered between 2013 and 2019. Fishing engaged majority of people

who were involved in fishing at the study transects as fishers, fol-

lowed by fish processing and marketing (Fish Traders and Processors),

and food vending (Food vendors) employed the least number of peo-

ple (Figure 6).

The gender roles in the fisheries were distinct, with women domi-

nating the post-harvest handling and marketing activities, while the

men dominated the fishing and boat construction job categories

(Figure 6, Figure S3). All boat builders and net repairers recorded on

the UVN were men. The female fishers constituted <2% for the years

they were encountered (Figure 6, Figure S3). Food vending at landing

sites mostly engaged women, except during 2010, 2012, and 2018,

where the number of men involved in food vending was higher thanT
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women. Overall, more men than women were engaged in fishery jobs

(Figure S2).

4 | DISCUSSION

The establishment of Bujagali hydropower dam has resulted in a num-

ber of modifications to the UVN that include the submerging of Buja-

gali falls and creation of a 388-ha reservoir (Kabungo, Jalard, &

Pal, 2018) as well re-location of the Bujagali falls tourism site and the

84 adjoining homes (Kabungo et al., 2018; Kimbowa &

Mourad, 2019). The reservoir swallowed up the original river banks

and part of the surrounding terrestrial environment creating new habi-

tats that could provide opportunities for fish breeding and nursery

(Bassa et al., 2021; Nkalubo et al., 2017; Rosenfeld & Todd, 2006).

This probably could be the reason for the observed increase in annual

fish catch along the UVN over the study period, particularly at the

mid-reservoir and upstream, where a huge mukene fishery currently

thrives. Total catches for all species combined were lower at the

downstream transect, compared with the upstream transects, proba-

bly because the downstream transect is more exposed to variable

water flows and volumes than upstream sites. In addition, the dam

PLATE 1 Common fish species landed at the study transects on UVN (2009–2019) [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 3 Changes in annual fish catch and revenue of catch at beach level for selected main commercial fish species in the study area
(2009–2019) [Color figure can be viewed at wileyonlinelibrary.com]
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barriers, spillways, and turbines could be disrupting downstream fish

movements, constraining the fish feeding regimes, breeding patterns,

and recruitment processes, observations that have been documented

in other studies (Agostinho, Pelicice, & Gomes, 2008; Levin &

Tolimieri, 2001). Between 2009 and 2019, fishing boats increased

from 31 in 2009 to 293 in 2019, whereas fishers rose from 83 to 500.

This was possible because the fisheries production could have been

sustained by the new habitat conditions in the modified river. In

2014, a maximum annual catch of 461.4 t was attained compared with

the lowest of 54.2 t recorded in 2009, attributed to influx and

F IGURE 4 Changes in average unit price kg�1 of selected main commercial fish species landed at the three study transects from 2009
to 2019

F IGURE 5 Correlation between annual fish catch and beach revenue of catch at the three study transects on UVN
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increase of fish species. However, P. aethiopicus and L. victorianus

declined in the commercial catches in the subsequent records, sug-

gesting these fish stocks were negatively impacted by modification of

the river. The use of M. kannume juveniles as bait for Nile perch fish-

ery encouraged its overfishing even though this corresponded with

increased catches from 3.3 t in 2009 to 148.2 t in 2019. Fishing effort

and methods for particular fish stock are influenced by fish habitat

characteristics and nature of fishery (Geheb et al., 2008; Thomas, Fail-

ler, & Thorpe, 2012; Njock and Westlund, 2010; Hovgêrd and Lassen,

2000). This is also shown in this study, where the type of fish species

caught, catch per unit of effort (CPUE), and fishing habitat was depen-

dent on the choice of fishing gear.

The critically endangered species L. victorianus was occasionally

encountered in the commercial catches, mostly from the upstream

sites, a further indication that the species are under threated and the

need to protect them from getting extinct. The near decimation of

these species could have been due to overfishing, habitat alteration,

and probably predation pressure from Lates niloticus (Nile perch) and

interspecific competition by Oreochromis niloticus as earlier reported

(Chapman et al., 1996; Ogutu-Ohwayo, 1993; Anders Carlson, 2007;

F IGURE 6 Changes in fishery job
categories engaging riverside communities
on UVN (2009–2019)

PLATE 2 Selected fishery jobs engaging riverside communities on UVN: fishing boats docked after a fishing trip (a), repair of fishing nets (b);
onshore handling and drying of mukene catch (c and e), longline fishing along the riverbanks (d), and repair of a damaged fishing boat (f). Photo
taken at Mid-Reservoir by Mr. Nduwayesu Everest in September 2019 [Color figure can be viewed at wileyonlinelibrary.com]
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Mbabazi, Ogutu-Ohwayo, Wandera, & Kiziito, 2004; Mwanja,

Mwanja, Muwanika, Masembe, & Nyakaana, 2012). The changes in

catch composition, and abundance in the commercial catch during the

study period could suggest the coupling effects of the hydropower

dam activities and ineffective fisheries management. The highest

number of species (15 species) was encountered in 2014. The period

also coincided with high peaks in catch and beach revenue (Figures 3

and 5). The potamodromous fish species, L. altianalis, M. kannume, and

L. victorianus were recovered mostly at the downstream transect. Len-

tic species such as L. niloticus, O. niloticus, P. aethiopicus, C. gariepinus,

O. variabilis, B. docmak, M. kannume, and L. altianalis were encountered

in the reservoir including the upstream site where lake-like conditions

were created. Hydropower dams are known to alter the river habitat

characteristics, thereby affecting aquatic ecosystem functioning

including fish physiological and behavioral performance, fish popula-

tion, and movements (Grantham & Moyle, 2014; Levin &

Tolimieri, 2001). Moreover, hydropower dam barriers are known to

adversely affect aquatic biodiversity by causing reduction of species

populations and abundance (Jellyman & Harding, 2012;

Smokorowski & Pratt, 2007). Such trends are becoming evident with

the establishment of Bujagali HP dam. For example, since 2014 on

UVN, two fish species, P. aethiopicus and L. victorianus catches were

rare in commercial catches. Prior to construction of Bujagali HP dam,

P. aethiopicus was abundant from 2009 to 2013. The reservoir condi-

tions could have promoted environmental conditions that favored the

riverine fish species to adapt to lentic-like conditions. Other species,

O. leucostictus, P. aethiopicus, L. victorianus, were hardly recovered at

any of the three transects. It is also possible that the dam could have

enhanced fisheries production as evidenced by the drastic increase in

fish species and total fish catches recorded in 2014. This rise in total

fish production could be attributed to lentic acclimatized species,

L. niloticus, and O. niloticus and B. docmak that inhabit pelagic water

column with lake-like conditions (Loures & Pompeu, 2019). The reser-

voir conditions, characterized by enrichment of fish food materials

favor the habitat to act as the breeding and nursery areas that support

fish reproduction and ecosystem productivity (Agostinho, Pelicice,

Petry, Gomes, & Júlio, 2007; Kimbowa & Mourad, 2019; BHP, 2007).

Fluctuations in annual catches landed between 2015 and 2018 could

be explained by the increased fishing pressure characterized by illegal

and undersized fishing gears. For example, fishing on UVNs was domi-

nated by basket traps, cast nets, and monofilaments which are detri-

mental to fish population through recruitment fishing. These gears are

prohibited in Uganda (The Fish [Fishing] Rules, 2010), because they

are nonselective, thus crop juveniles and spawning mothers of large-

sized species such as L. niloticus, tilapias, and B. docmak (Rabour,

Gichuki & Moreau, 2003; Natugonza, Valtysson, & J�onsson, 2016).

However, their prevalence on the river is an indication of weak

enforcement and management of the river fisheries. Increase in price

per unit kilogram and fish value registered on UVN was attributed to

high market demands for fish and fish products which could be due to

the growing human population. From 2009 to 2016, L. niloticus was

the most highly priced fish species with a mean unit price of 2.4 US

dollars kg�1 among commercial species. The value of fish is influenced

by the species type, fish size, quality, supply, and customers' prefer-

ences (Kim, 2003; Matiya, Wakabayashi, Ng, & Takenouchi, 2005;

Zhang , Hollowed, Lee, & Kim, 2011). L. niloticus is highly demanded at

local and international markets (Garcia & Rosenberg, 2010; Pelster &

Scheid, 1992), and forms a major fish export commodity for Uganda,

fetching US$ 100,000 from 26,260 t in 2019. This is attributed to its

high-quality fillet and the highly prized large swim bladder (fish maw).

This demand has resulted in high fishing pressure on the species in

the major water bodies of Uganda, including UVN. From 2016 to

2019, M. kannume mean price kg�1 remarkably increased and was the

most highly valued commercial fish species at mean price of US $

7.0 kg�1 recorded in 2018. The expansion of M. kannume bait fishery

could be explained by the increasing demand for live juveniles as baits

for the Nile perch fishery on lakes Victoria and Kyoga. The large

M. kannume are also targeted for human food, thus exerting more

pressure on their stock. This may result in a total collapse of the fish-

ery if no strategic species-specific management interventions are

instituted (Bassa et al., 2020; Bassa et al., 2021). Such management

interventions could target reducing fishing efforts and restricting the

harvesting gears. Correspondingly, the high beach revenue accrued in

2019 and 2014 was probably due to high catches of both L. niloticus

and M. kannume. From 2014 to 2018, total annual catches and total

beach revenue declined, probably due to resource overexploitation by

rampant use of illegal fishing gears and methods.

4.1 | Significance of riverine fisheries to the
riparian community livelihoods

The riverine fisheries sector plays a vital role in livelihood activities

that contribute greatly to national development through food security,

fish protein, and employment. New fishing grounds established after

completion of Bujagali HP dam offered the riverside community with

more fishery jobs, especially at the new fish landing sites. For

instance, fishing effort as well as total annual catch and beach revenue

increased at the mid-reservoir transect, starting from 2013 onwards.

The UVN fisheries have been of economic importance to the fisher

folk communities for the past few decades, providing socioeconomic

benefits and food for human and animal industry (Jansen &

Kugonza, 2019; Kimbowa & Mourad, 2019). As is the case for many

fisheries globally (Rahman et al., 2009; Samuel, 2007), fishing was the

primary and dominant activity engaging lakeside communities

involved along the fisheries value chains on the UVN. Gender roles

for men and women in the UVN fisheries were disparate as happens

in most fishing communities. This dichotomy of gender roles in the

fishery is prescribed by customary beliefs, norms, and cultural settings

(Luwa, 2007). Across most fisheries, men mostly participate in fishing

and women are engaged in postharvest handling and marketing activi-

ties (FAO, 2016; Geheb et al., 2008). While most fishers prioritize

income from fishing expeditions, some consider their catch for domes-

tic food (food security and nutrition). In most fisheries, women domi-

nate the post-harvest fish handling activities (Weeratunge, Snyder, &

Sze, 2010). The other fishery-related jobs that exclusively engaged
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men were boat building and construction/repair of fishing gears. The

fishing gear repairers and boat builders were fewer, which could imply

that most fishers repaired their boats and gears by themselves to save

on costs.

5 | CONCLUSION AND
RECOMMENDATIONS

From this study, we conclude that Bujagali HP dam construction has

altered the community assemblages of the UVN fisheries, character-

ized by a decline in commercial catch species composition and

increase in fishing effort, annual catches, and catch revenue. The

resulting reservoir has promoted a huge fishery of R. argentea, while a

post-dam construction has led to the emergence of a lucrative bait

fishery based on juvenile M. Kannume downstream of the dam. Fur-

ther, the study reveals an ecosystem fishing downtrend of the large

fish species, which could lead to their stock collapse. Fisheries sustain-

ability on UVN is largely threatened by weak management and non-

compliance to the existing fisheries regulations, evidenced by high

prevalence of illegal fishing gears, unregulated fishing effort, and

catching of juveniles, particularly of Nile perch and M. kannume. The

M. kannume fishery has shown signs of stock decline, thus calling for

the immediate ban on fishing of immature fish and use of illegal fish-

ing gears on the UVN. We therefore recommend strengthening

enforcement of fisheries regulations by the responsible government

departments to curb the illegal unreported and unregulated (IUU) fish-

ing and overexploitation on the UVN and implementation of aquatic

biodiversity protection and conservation actions by the management

of Bujagali HP dam to mitigate potential threats and impacts to the

river biodiversity.
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